About 50 mm/yr of convergence between the Philippine Sea and Eurasian Plates 50 is absorbed in eastern Taiwan and it remains unclear how the convergence is 51 partitioned among active faults. The Longitudinal Valley fault (LVF), the most 52 seismically active fault in eastern Taiwan, creeps at the surface in the south and not in 53 the north; however, it is unclear how much of the fault is locked or creeping at depth. 54
Hsu [1976] Chihshang. According to Shyu et al. , the CRF appears to be an active blind fault south 186 of Chihshang and inactive along the northern part of the valley. They also estimated a 187 late quaternary slip rate of the fault is less than 12.8 mm/yr. Several focal mechanical 188 solutions for the 2006 Taitung earthquake, which fell on the southern segment of the 189 CRF, shows a fault dip of ~58º to 76 º to the west [Wu et al., 2006] . A similar west-190 dipping feature is imaged in seismic profiles of the accretionary prism just south of 191
Taiwan [Lundberg, 2003] . Willet and Brandon [2002] and Ding et al. [2001] included 192 a similar west dipping Central Range fault in numerical models of orogenic process inindicates surface creep on the LVF. 240 
Vertical velocity field 241

Differential vertical motion and Shortening rates across LVF 252
InSAR measurements 253
We use nine measurements of differential vertical motion across the LVF 254 ranging from 0 to 24. 
GENEARL MODELING APPROACH 272
Lithospheric block model 273
The lithospheric block model is described in detail in Johnson et al. (in prep impose a long-term, steady velocity field such that the motion of points on blocks far 280 from bounding faults is described by rigid-block rotation of spherical caps about a 281 fixed Euler pole. The block motions introduce fault-parallel velocity discontinuities 282 across bounding faults which represent the long-term, steady fault slip rates in the 283 model. The block rotations give a purely horizontal velocity field with no vertical 284 motion, even across dipping reverse and normal faults. We modify the block motiondiscontinuities, and to incorporate long-term distortion of blocks due to nonplanar 287 fault geometry. 288
The steady-state surface velocity field is obtained by summing three velocity 289 fields as illustrated in Figure 6 . We begin with rotations of blocks bounded by faults 290 defined by Euler poles of rotation. The fault-normal components of velocity 291 discontinuities across faults are canceled by adding the velocity field generated by 292 steady opening or closing of faults in an elastic plate. We also add a contribution to 293 the steady-state velocity field due to dip-slip motion on faults. The cancellation of 294 fault-normal discontinuities and the contribution from dip-slip is computed using the 295 solution for a dislocation in an elastic plate overlying a relaxed viscoelastic half space 296 (equivalent isolated elastic plate). Figure 6b illustrates the model in the vicinity of a 297 dipping fault. We assume the dip-component of the slip rate is δV ┴ /cos(θ) where 298 
cos(θ). 305
The result of the summation of the three velocity fields illustrated in Figure 6 is a 306 steady-state velocity field with fault-parallel velocity discontinuities across faults and 307 internal distortion of blocks near faults due to non-planar fault geometry, fault-normal 308 components of relative motion between neighboring blocks, and dip-slip motion on 309 dipping faults. 310
The interseismic deformation field is obtained by adding a contribution from 311 backslip on portions of the faults that are locked during the interseismic stage. The 312 backslip is imposed during the interseismic phase with dislocations in an elastic plate 313 over a viscoelastic half space at a rate that cancels the long-term slip rate imposed in 314 the steady-state model. In this paper, we consider a special case of the lithospheric 315 block model developed by Johnson et al. (in prep) in which the viscous relaxation 316 time of the asthenosphere, t R , is assumed to be long (high viscosity) relative to thethis case, backslip is modeled with dislocations in an elastic half space. Slip on 319 creeping patches is assumed to occur at a constant resistive shear stress (Figure 7 ) 320 which is driven by imposed backslip on locked patches. 321 Figure 7 illustrates the construction of the model for interseismic creep. We 322 assume the creeping patches on the fault slide at constant resistive shear stress 323 (equivalent to zero shear stress) during the interseismic period. We assume that the 324 long-term slip determined by the steady-state model described previously occurs at 325 some constant (in time) shear stress. Fault locking is imposed by slipping locked 326 sections of the fault backwards at the long-term slip rate to completely cancel slip. 327
Creeping areas surrounding the locked parts of the fault continue to slide at constant 328 shear stress and therefore will also slip backwards to satisfy this condition. The back-329 slip distribution and the long-term slip rate distribution are added together to get the 330 interseismic slip rate distribution. 331
Comparison with other models 332
Other studies have adopted elastic half space models to estimate fault slip rates 333 in Taiwan For a simple comparison, we assume convergence across an infinitely long 345 (along strike) reverse fault with a dip of 30º. We set up the models such that the long-346 term slip rate on the fault is the same in each model and the interseismic deformation 347 field is generated by locking the entire fault down to 30 km depth. The geometry of 348 the three models is illustrated in Figure 8a . For the lithospheric block model we use a 349 30-km-thick elastic plate and assume that T/t R is sufficiently small that deformation isassumption outlined by Meade and Hager [2005] in which far-field convergence at 352 rate V p is modeled with rigid-block motion and interseismic locking on the fault with 353 dip θ is modeled with backslip at rate V p /cosθ on a dislocation in an elastic half space.
354
In the buried dislocation model, a semi-infinite horizontal detachment is placed at the 355 bottom of the dipping fault to generate far-field convergence. 356
The upper diagrams in Figure 8b compare the lithospheric block model with 357 the elastic block model. The horizontal velocity pattern is similar in the two models. 358
The only difference is a small deviation from rigid block motion near the fault in the 359 lithospheric block model due to flexure of the plate associated with slip on the fault. 360
The vertical interseismic and long-term velocity patterns are quite different. Long-361 term vertical motion is assumed to be zero in the elastic block model, resulting in a 362 non-physical discontinuity in the interseismic vertical velocity across the fault due to 363 the imposed backslip. The lithospheric block model assumes a discontinuity in the 364 vertical velocity across the fault in the long-term is cancelled by backslip on the fault. 365
The lower diagrams in Figure 8b interseismic deformation associated with reverse faults. We note that lithosphere 378 flexure may not be an entirely elastic process; however, the influence of plastic 379 yielding on flexure is beyond the scope of this study. 380
Based on the comparisons, we conclude that the lithospheric block model is 381 the only model we have considered here that is able to provide an explanation for the 382 interseismic subsidence and long-term uplift along the eastern coastal area. It would 383 be inappropriate to model vertical displacements or velocities using the elastic blockdislocation model unless the effective elastic thickness of the crust is large enough to 386 ignore the effect of plate flexure. 387
INVERSION 388
Inversion scheme 389
For this problem we assume that the geometry of faults and lithosphere 390 thickness are known but that slip rates, the distribution of locked and creeping patches, fault. The continuity parameter, β, is specified rather than estimated.
406
Resolution Tests 407
We conduct resolution tests to evaluate how well the distribution of locked 408 and creeping patches is resolved with the distribution of data and the inversion 409 
MODELS FOR EASTERN TAIWAN 430
Model set-up 431
We divide the lithosphere of eastern Taiwan into four lithospheric blocks 432 bounded by major faults as illustrated in Figure 9a . In our analysis, we consider two 433 models: a simple two-fault model consisting of the CRF and LVF bounding the 434 Central Range block (CRB), Longitudinal Valley block (LVB), and Philippine Sea 435 block (PSB) and a three-fault model including the OSF and the off-shore block (OSB). 436
We begin with the simpler 2-fault model guided by the philosophy that we seek the 437 simplest model that will account for the convergence of the Philippine Sea and 438
Eurasian plates. Furthermore, the 2D models in Johnson et al. [2005] showed 439 insignificant contribution of the OSF to the data fitting and the resolution of the patch 440 distribution on the OSF is poor as shown in Figure 9c . In both models we consider 441 the motion of blocks relative to the CRB. We do not consider the motion of these 442 blocks relative to the foothills fold-and-thrust belt farther to the west and bounded by 443 the deformation front as shown in Figure 1a . We also do not consider the motion of 444 the fold-and-thrust belt relative to Eurasia. Our computation of the motion of blocks 445 relative to the CRB is valid as long as the interseismic strain associated with lockingwithin the lithospheric blocks that we model. This should not be a problem 448 considering that the deformation front is at least 100 km west of the LVF (Figure 1a ) 449 and our model domain extends no farther than 60 km west of the LVF (Figure 3) . 450
For simplicity, we specify the geometry of faults and the thickness of the 451 elastic layer rather than estimate these parameters. The choice of fault geometry and 452 elastic thickness is guided by geomorphologic, geological and geophysical data. We 453 specify a 30-km-thick elastic layer, consistent with average thickness of the crust in 454 eastern Taiwan inferred from P-wave and S-wave velocities [Kim et al., 2005] (location shown in Figure 1b) . The Lanyu islet is located offshore in the southeastern 475 corner of our study area on the Philippine sea plate and the pseudo point is located 476 northeast of the study area on the Philippine sea plate. The 'pseudo datum' better 477 constrains the northwestward motion of the northern part of the Philippine Sea block 478 in our models at a rate of ~80 mm/yr relative to the Eurasian continental shelf. 479 in Figure 1a , the geometry of the trench is unclear at the western end near the island 482 of Taiwan. 483
Results 484
6.2.1 Two-fault model 485 Figure 10 shows the estimated Holocene fault slip rates on the LVF and CRF. 486
The slip rate on the LVF ranges from 55 to 90 mm/yr. The sense of slip on the LVF is 487 oblique reverse with a small left-lateral strike-slip component. The slip rate on the 488 CRF is about 13 mm/yr with reverse sense. We find that the predicted Holocene fault 489 slip rates are nearly insensitive to the choice continuity parameter, β. The fit to the 490 GPS and marine terrace data is shown in Figure 11 . Although the GPS data are largely 491 fit within the 2σ uncertainties, the down-fall of the 2-fault model is the over-492 prediction of Holocene uplift rates on the eastern coast (Figure 11c ). The predicted 493 uplift rates of 25 to 50 mm/yr are 2-10 times larger than the uplift rates of 5-10 mm/yr 494 inferred by Hsieh et al. [2004] . Because the predicted Holocene coastal uplift rate is 495
proportional to the slip rate on the LVF, it is clear from the large misfits that the 496 estimated Holocene fault slip rate on the LVF is much too high. The predicted coastal 497 uplift rate will also depend on the choice of elastic thickness and dip of the LVF. 498
However, we examined a range of values for these parameters and found all models 499 over predict the coastal uplift rates. 500
One way to reduce the slip rate on the LVF and still accommodated the ~50 501 mm/yr of relative convergence between the PSB and CRB is to accommodate a 502 portion of the convergence off-shore. Next we consider a model that includes the OSF. 503
Three-fault model 504
The data fits for the three-fault model are shown in Figure 12 . The predictions 505 are consistent with the first-order patterns of these measurements. In particular, the 506 predicted Holocene uplift rates along the coast decrease dramatically from the 507 predicted uplift rates of the 2-fault model shown in Figure 11 and match the observed 508 data well. The fit to the horizontal GPS velocities is quite good in the region east of 509 the LVF shown in Figure 12a . There is a systematic velocity residual of 10-15 mm/yr 510 along the eastern coast that is likely due to mis-modeled geometry of the OSF or LVF. 511
The velocity residual for the westernmost two stations is relatively larger than others 512 west of the CRF. This may be attributed to the influence of interseismic loading of 513 faults in the western foothills [Loevenbruck et Figure 12b . The predicted result 516 shows subsidence in the northern coastal area and uplift along the creeping section of 517 the LVF. The maximum predicted relative uplift along the LVF is 16.4 mm/y which is 518 about 8 mm/yr smaller than the InSAR-inferred uplift rates, however the pattern and 519 lateral extent of predicted uplift is similar to the InSAR data in Figure 12c . The fit to 520 creepmeter measurements is good as shown in Figure 12d . 521 invoked an underplating mechanism for uplift of the Central Range. Certainly active 549 underplating under the CR could lead to broad scale uplift, including uplift of the 550 coastal ranges. If this mechanism is responsible for uplift of the coast, then the logical 551 consequence is that our Holocene slip rate estimate for the LVF would have to be 552 further reduced, which would require even more slip on the off-shore fault. We cannot 553 quantify this because we have not modeled the broad-scale underplating effect. indicating a southeastward dip of the fault [Hsu, 1955 and 1962; Lin, 1957; Bonilla, 624 1975] . In contrast, relocated earthquakes highlight a conspicuous northwest-dipping 625 zone (~20 km wide between 23º48' to 23 º38') as shown by Kim et al. [2006] and 626 Chen et al. [2007] showed a number of repeating earthquakes in this region that they 627 interpreted as occurring in response to creep on a northwest-dipping fault. In reality 628 the system of faults in the vicinity of Hualien may be more complicated than in our 629 model. We have modeled the LVF with an east-dipping plane in this region for 630 consistency with the geomorphic and 1951 earthquake observations. 631
The Ryukyu trench system (Figure 1a ) further complicates the fault geometry 632 near Hualien. The geometry of faults in the offshore region where the Ryukyu trench 633 merges with the Taiwan collision is unclear (see Shyu et al., [2006] , for an 634 interpretation). Therefore, it is difficult to know whether the inferred high 635 interseismic creep rate on the northern segment of the OSF as shown in Figure 13c is 636 real or a compensation for mis-modeled fault geometry in this region. We find that 637 this interseismic creep significantly improves the fit to the horizontal GPS velocities 638 in the northern area of the Longitudinal Valley in comparison with models that do not 639 allow this creep. For example, the two-fault model (Figure 11a ) does a poor job fitting 640 horizontal GPS observations south of Hualien, but the fit is significantly improved if 641
we include a dislocation to simulate the effect of interseismic locking of an interfacerepresent subduction at the Ryukyu trench off-shore near Hualien show that 644 interseismic locking of the subduction interface can also contribute to measured 645 surface velocities near Hualien. Therefore, it is possible that our inference of creep on 646 the northern OSF is biased by the lack of a contribution from locking of the 647 subduction interface. 648
Because the geometry of the CRF, LVF and OSF is not well known, we ran a 649 number of inversions with different fault geometries to examine the influence of fault 650 geometry on inversions results. We examined models with the CRF dipping over the 651 range 45°, 65°, or 85°. The model with the CRF dipping 45° did not satisfactorily fit 652 the data. The models with the CRF dipping 65° or 85° fit equally well with the CRF 653 slip rates of about 12-13.5 mm/yr. The estimated slip rate of the CRF is largely 654 controlled by the prior Gaussian probability distribution placed on this value. We 655 considered models with the LVF dipping 40°, 50° or 60°. The models with the LVF 656 dipping 40° or 60° systematically underpredict and overpredict, respectively, the 657 coastal terrace uplift rates and so we reject these models. We considered models with 658 the OSF dipping 25°, 30°, 35°, and 45°. The model with the OSF dipping 25° did not 659 satisfactorily fit the data. The models with the OSF dipping 35° or 45° systematically 660 underpredict the coastal terrace uplift rates. So, we reject these three models. We note 661 that none of these runs showed distinct improvement to the misfit of the horizontal 662 GPS velocities along the eastern coast. We suspect that the misfit is mainly due to 663 more complicated geometry of LVF (such as listric-shaped) and/or OSF which we did 664 not model. 665
CONCLUSIONS 666
We demonstrate that the lithospheric block model is able to largely reproduce 667 both horizontal and vertical interseismic and Holocene velocity patterns in eastern 668
Taiwan. We invert geodetic and geologic data collected in eastern Taiwan 
